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The effect of steaming duration on the linear expansion of "keropok" 
in relation to microstructure of starch in "keropok" gel was investigated . 
Tapioca starch (Manihot esculentus), sago starch (Metroxylon sagu) and 
wheat starch (Triticum aestivum) were used . Linear expansion of "keropok" 
was best when the starch granules were ful ly gelatin ized and expanded to 
their largest sizes. It was found that 20 to 30 minutes steaming was 
sufficient to cook the gel (40 mm d iameter ). When starch granules swell, 
water is absorbed. The entrapped water molecules contribute to h igher 
l inear expansion , due to the steam released from water in the starch 
granules during frying in oi l .  "Keropok" made from tapioca starch gave the 
xiv 
best expansion at 20-30 minutes steaming, and prolonged steaming led to 
reduced expansion due to fragmentation of the starch granules. 
The protein contents of native starches and flours were negatively 
correlated to swel ling power of starches and l inear expansion of "keropok". 
Among the six varieties of starches and flours, swell ing power and solubi l ity 
of tapioca starch and flour and sago starch were relatively higher than that 
of cereal starches (wheat starch , wheat flour and rice flour) ,  and gave 
better l inear expansions. There was positive correlation between 
amylose/amylopectin leaching and l inear expansion of "keropok". The ratio 
of amylose and amylopectin d id not contribute to expansion . 
The centre of the "keropok" gel containing 0-1 0% fish did not 
gelatin ize after steaming for 2 hr. This may be due to the effect of water 
movement during steaming. The water-holding capacity (WHC) of "keropok" 
dough increased with increasing fish content. WHC of the dough with 1 5% 
fish was significantly (P<0.05) higher than that of the dough with 1 0% fish.  
Consequently, water movement may be lim ited by the fish protein-starch 
network in the "keropok" dough with high fish content. This was supported 
by moisture profile analyses. Scanning electron m icroscopy resu lts showed 
that the fish-protein network started to bui ld up at a fish : starch ratio of 
1 5:85. Rheological properties changed markedly with d ifferent fish : starch 
ratios. The value of storage modulus (G') , loss modulus (G") and complex 
xv 
viscosity (11*) in the doughs containing 15% fish and above were noticeably 
h igher than that containing 1 0% fish due to the fish protein network 
formation. 
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Fakulti: Sains Makanan dan Bioteknologi 
Kesan masa pengukusan terhadap pengembangan l inear keropok 
dan mikrostruktur kanji gel keropok telah dikaji .  Kanji ub i  kayu (Manihot 
esculentus) , kanji sagu (Metroxylon sagu) dan kanj i  gandum (Triticum 
aestivum) d igunakan .  Pengembangan l inear keropok terbaik d icapai apabila 
granul�granul kanji d igelatin isasikan sepenuhnya dan mengembang pada 
saiz maksimum. Kajian mendapati bahawa masa pengukusan d i  antara 20 
hingga 30 minit adalah mencukupi untuk mengukus gel yang bergarispusat 
40 mm. Apabi la granul  kanj i  mengembang, air akan terjerap. Molekul� 
molekul air yang terperangkap menyumbang kepada bengembangan linear 
yang lebih tinggi d isebabkan oleh pembebasan stim oleh a ir  dalam granul� 
granul kanji semasa d igoreng. Keropok yang dibuat menggunakan kanji ubi 
kayu memberikan pengembangan terbaik semasa d ikukus selama 20 
h ingga 30 minit, tetapi j ika d ikukus lebih lama lagi ,  pengembangan akan 
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berkurangan .  I ni disebabkan oleh pemecahan yang berlaku pad a granul  
kanj i .  
Kandungan protein kanji-kanji asli dan tepung berkorelasi negatif 
dengan keupayaan kanji untuk mengembang dan pengembangan linear 
keropok. Oi antara enam jenis kanji dan tepung yang dikaji daya 
pen gem bang an dan kebolehlarutan,  kanj i  dari tepung ubi kayu dan kanji 
sagu adalah lebih tinggi j ika dibandingkan dengan kanji bijirin (kanji gandum, 
tepung gandum dan tepung beras) dan ini menghasilkan pengembangan 
l inear yang lebih baik. Terdapat hubung-kait positif antara larut lesap 
amilosal amilopektin dengan pengembangan linear keropok. Nisbah amilosa 
dan amilopektin pad a granul asal kanji tidak meberikan kesan terhadap 
pengembangan keropok. 
Kanji pada bahagian tengah gel keropok yang mengandungi 0-1 0% 
ikan tidak d igelatinisasikan selepas dikukus selama 2 jam. In i  mungkin 
disebabkan oleh kesan pergerakan air semasa pengukusan.  Keupayaan 
pegangan air (water holding capacity atau WHC) adunan keropok 
meningkat dengan penambahan kandungan ikan .  WHC adunan yang 
mengandungi 1 5% ikan adalah secara bererti lebih tinggi (P<0.05) daripada 
adunan yang mengandungi 1 0% ikan. Ini adalah mungkin kerana 
pergerakan air yang terbatas kandungan ikan. Keputusan in i  d isokong oleh 
keputusan analisis profil lembapan .  Keputusan Scanning Electron 
xviii 
Microscopy (SEM) menunjukkan protein ikan mula terbentuk pada nisbah 
ikan :kanj i  = 15:85. N ilai storage modulus (G') , loss modulus (Gil) dan 
kelikatan kompleks (,,*) adunan yang mengandungi 15% atau lebih ikan 
adalah jelas lebih tinggi daripada adunan yang mengandungi 10% ikan 
kerana rangkaian protein-ikan adalah lebih terbentuk. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Fish crackers known as "keropok" in Malaysia are popular snack 
foods in Malaysia and the ASEAN countries. General ly, "keropok" would be 
classified as a puffed snack product (Akzo, 1 973), expanded snack product 
(Cumminford and Beck, 1 972) half products or intermediates (Lachmann,  
1 969). Half products are defined as low moisture, shelf-stable intermediate 
products in the forms of pellets (Wang, 1 997). 
The two essential ingred ients in "keropok" making are starch or flour 
and water. Fish,  prawns or other food ingredients are usually added for 
flavour (Yu , 1 992). Certain types of fish such as ikan parang (Chirocentrus 
dorab) , ikan tamban beluru (C/upea /eiogaster) and ikan selayang 
(Decapterus russel/if) are preferred although other fishes are also used 
(Wan Oaud , 1 978) . Tapioca or sago starch is used but sago starch is said 
to give the best product (Sidaway, 1 97 1 ) . 
1 
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Basically, "keropok" is produced by gelatin ization of starch with water 
to form a dough which is shaped , cooked and then sliced . The sl ices are 
then dried and expanded into a low-density porous product upon immersion 
in hot oil (Siaw et aI . , 1 985). Traditional "keropok" production methods 
result in products of poor quality, with uneven expansion characteristics , 
dark objectionable colours and varying shapes, sizes and thicknesses as 
well as low hygiene (Yu ,  1 986). Siaw and Idrus ( 1 979) have attempted to 
upgrade product qual ity. They have introduced mechanization and 
standard ization into "keropok" making. Their process is less time­
consuming and gives a better-quality product compared to the traditional ly­
produced "keropok". 
Besides developing improved technology in "keropok" production ,  
several attempts have been conducted on  the effect of type of fish and 
starch on the quality of "keropok" . The effect of various flours used on the 
l inear expansion of "keropok" was conducted by Yu ( 1 99 1 , 1 993) and 
Norrakiah ( 1 987). S iaw et al . ( 1 979) made an evaluation on Malaysian fish 
crackers using six combinations of two types of fish and three types of flour. 
They found that "keropok" made from tapioca flour and highly-flavoured fish ,  
were preferred by taste panelists. Crispiness was found to be the most 
important factor governing product acceptabil ity. 
Okraku-Offei ( 1 974) stated that in Ghana, "keropok" doughs were 
steamed at 1 OO°C for 4 hr. However, they are steamed 60 to 90 m in  in 
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"keropok" production industries in Malaysia. More than 65% of the total 
production cost is attributed to the steaming process used to cook the dough 
for 60-90 min. H igh energy costs are involved in producing the volumes of 
steam needed (Yu and Low, 1 992). Somchai ( 1 994) stated that the dough 
was found to be completely gelatinized after 20 min of steaming in making 
'khao kriap waue' (KKW) (Thai rice-based snack). A puffed KKW from 20 
min or more of steaming showed better linear expansion than the KKW that 
had been steamed for a shorter period . However, no research have been 
conducted on the effect of steaming time on linear expansion of "keropok". 
Starch plays a very important role in the expansion of "keropok". The 
quality of expanded foods is judged by their crispiness, which in turn is 
determined by their expanded volume (Chinnaswamy and Hanna, 1 988) . 
The type of starchlflour used was the controll ing factor in the expansion of 
"keropok" and type of fish used did not contribute to it (Yu , 1 99 1 ) . Starch 
structure and type are important factors in understanding starch function in 
snackfood (Wang , 1 997) . 
The expanded volumes of cereals and starches extrudate decreased 
with increasing amount of proteins or lipids in the raw material, but i ncreased 
with increasing starch content (Linko et aI . , 1 98 1 ) .  Further, it has been 
reported that among d ifferent types of starches some expanded better than 
others. Thus, it appears that starch quality (amylose and amylopectin 
content) most significantly affect expansion.  Starches with low (waxy) and 
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high amylose contents expanded the best at 1 35°C and 225°C ,  respectively 
(Mercier and Feil let, 1 975). Different native corn starches have d ifferent 
optimum temperatures for expansion ,  i .e . , 130°C for 0% amylose, 1 40°C for 
25% amylose, 1 50°C for 50% amylose, and 1 60°C for 70% amylose starch 
(Chinnaswamy and Hanna, 1 988). This shows that higher temperatures are 
needed for high-amylose content starches in order to obtain better 
expansion. 
Chandrasekhar and Chattopadhyay ( 1 990) stated that the h igh 
pressure due to steam formed inside the starch granules forced the cooked 
starch to expand during the puffing of rice. In extrusion technology, puffing 
occurs on flash evaporation of water due to exposure to high temperature 
and lor sudden drop in pressure (Guraya and Toledo, 1 994) . For starchy 
half-products , the most important change during such processing is starch 
gelatin ization (Gomez and Agui lera, 1 984) which is time, temperature and 
moisture-dependent (Lund, 1 984). Expansion during extrusion is d irectly 
related to degree of gelatin ization of starch (Guraya and Toledo, 1 994) .  
Food is  a complex and heterogeneous system containing many 
d ifferent chemical components. I n  a product consisting of proteins, l ipids, 
carbohydrates and electrolytes, i nteractions among various constituents 
need to be well balanced so that a stable system evolves (Samant et a I . ,  
1 993) . Protein and starches are present in many foods and they contr ibute 
to their structural and textural characteristics through their aggregation and 
